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(57) Abstract 



A method of accurately setting the centre wavelength of a fibre grating fixed in a temperature compensation package, the method 
comprising the steps of: fixing the grating to the package and altering the size of the package in a post processing step. The altering step 
can comprise elongating or compressing the package so as to substantially permanently alter the size of the package. The temperature 
compensation package can comprise: a first elongated member having a first coefficient of thermal expansion; two second elongated 
members, one each attached to the ends of the first elongated member and having their other second ends closer together than the ends 
of the first elongated member, the second elongated members having a second coefficient of thermal expansion relatively more than the 
first coefficient of thermal expansion; and two material matching members attached to the second ends and adapted to provide for material 
matching fixing mixtures to the second elongated members; said fixing mixtures to the second elongated members; said fixing mixtures 
fixing ends of the fibre grating to the temperature compensation package. The fixing mixture can comprise glass of metal solder. The 
material matching members are preferably located within an aperture in the second ends. 



BNSOOCID <WO 9859267A1 I > 



FOR THE PURPOSES OF INFORMATION ONLY 
Codes used to identify States party to the PCT on the front pages of pamphlets publishing international applications under the PCT. 



AL 


Albania 


ES 


Spain 


LS 


Lesotho 


SI 


Slovenia 


AM 


Armenia . j ; » 


FI 


Finland^ '" • 


LT 


Lithuania :•; 


SK 


Slovakia' - 


AT 


Austria 


FR 


France 


LU 


Luxembourg 


SN 


Senegal 


AU 


Australia 


GA f 


Gabon ;■ ■ 


LV 


Latvia ; . '} ;• 


sz 


f Swaziland 


AZ 


Azerbaijan 


GB 


United Kingdom 


MC 


Monaco 


TD 


Chad 


BA 


Bosnia and Herzegovina 


GE 


Georgia 




Republic of Moldova 


TG 


Togo 


BB 


Barbados 


GH 


Ghana 


MG 


"Madagascar 


TJ 


Tajikistan 


BE 


Belgium 


GN 


Guinea 


MK 


The former Yugoslav 


TM 


Turkmenistan 


BF 


Burkina Faso 


GR 


Greece 




Republic of Macedonia 


TR 


Turkey 


BG 


Bulgaria 


HU 


Hungary 


ML 


Mali 


TT 


Trinidad and Tobago 


BJ 


Benin 


IE 


Ireland - - 


MN 


Mongolia 


UA 


Ukraine 


BR 


Brazil 


IL 


Israel 


MR 


Mauritania 


VG 


Uganda 


BY 


Belarus 


IS 


.Iceland *" L 


MVV 


- Malawi 


US 


United States of America 


CA 


Canada 


IT 


Italy 


MX 


Mexico 


HZ 


Uzbekistan 


CF 


Central African Republic 


JP 


Japan r , -* ; 


• NE 


; Niger! • 


VN 


Viet Nam 


CG 


Congo 


KE 


Kenya 


NL 


Netherlands 


YU 


Yugoslavia 


CH 


Switzerland 


KG 


Kyrgyzstan — • • . • 


NO 


Norway j 


ZW 


Zimbabwe 


CI 


Cdtc d'lvoirc 


KP 


Democratic People's 


NZ 


New Zealand 






CM 


Cameroon 




Republic of. Korea 


PL 


Poland 






CN 


China 


KR 


Republic of Korea 


PT 


Portugal 






cu 


Cuba 


KZ 


Kazakstan 


, RO 


Romania; % , . . - 






cz 


Czech Republic 


1 LC 


: Saint-Lucia 


"RU 


Russian Federation 






DE 


Germany 


LI 


Liechtenstein 


SD 


Sudan ^ 






DK 


Denmark 


LK 


Sri Lanka - 


SE 


• Sweden - 






EE 


Estonia 


LR 


Liberia 


SG 


Singapore 







BNSDOCID <WO 9859267AI I > 



WO 98/59267 PCT/AU98/00473 

- 1 - 

Temperature Stable Bragg Grating Package with Post Tuning 
for Accurate Setting of Centre Frequency 

Field of the Invention 

The present invention relates to the construction of a 
5 package for an optical fibre Bragg grating so as to 

facilitate accurate setting of the centre frequency. The 
preferred embodiment including a package which provides a 
stable centre frequency at a range of temperatures. 
Background of the Invention 

10 Bragg gratings are well known in the field of optical 

fibre construction and normally comprise a repeating 
pattern written into a photosensitive optical fibre by a UV 
light source or the like. Unfortunately, the modulating 
pattern is normally inherently highly sensitive to the 

15 effects of strain and temperature. This is a disadvantage 
in that in applications, such as communications or sensing 
systems, it is often a requirement that the optical 
characteristics of the grating are not influenced by the 
effects of temperature or strain. For this reason, it is a 

20 typical requirement to mount the grating in a package so as 
to isolate the grating region from external strain or 
temperature effects. , ; s . , { ..^ f t , r 

In Fig. 1, there is shown a simple .grating package 1 
which mounts a fibre 2 at two ends of a package mount 3 by 

25 means of. fixing with epoxy 4. j Unfortunately, with this 
arrangement expansion of the package 3 with' temperature 
relative to the fibre 2- will tesult in a change in tension* 
on the fibre 2 . 

In Fig. \ 2, there is shown a slightly more complex 

30 arrangement 10 which includes a temperature compensating 
package which uses a combination of material* with 
differing thermal expansions. A first material il is 
utilised to expand at a first low rate' vhile a second 
material comprising end. portions 12, 13 expands with 

35 temperature at a substantially' higher rate. The combined 
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expansions of the two forms of material 11, 12 and. 13... 
produces a. more stable arrangement whereby the fibre fixing 
points 15, 16 ,are maintained thereby maintaining the 
overall strain on-tthe fibre 18 in the intermediate ' region 
5 so as to counteract the effect of temperature on the centre 
frequency. ; _ . ■ ■ '■ - 

In some applications, the : temperature characteristic 
may, not require specific compensating. However, it may be 
the case, such as when, -utilising the arrangement .1 'of Fig. 

10 1, that the fibre is .-stall -required to be packaged under 

strain so a,s.to achieve a> -greater wavelength accuracy than' 
that which can be achieved in the fibre writing process. 

In the majority ..of, packaged; rBragg /f ibre gratings, the 
fibre is held under -strain. . [When fixing the fibre to the 

15 package, Y a number-, ; pf- .techniques may be employed. These 
include epoxy adhesive; or, glass "fritting" . Thfese 
processes of tpn ^r^jquire^heiatj and .£& a result, they ; can : have 
a f urther . ,§f feet on ;the wavelength' of- the. grating- making it 
difficult to, distdnguish, between the effect's; of strain or : 

20 heat when .setting the fibre in- the package and setting the 1 ' 
corresponding wavelength^ . Further , typical 'methods for 
fixing the fibre to . jthe : ' package . may have some shrinkage 
effects as either . the. epoxy; cures- or the~ : glass frit sets. 
The shrinkage can further introduces unwanted changes' to the 

25 strain on the fibre which result in .an alteration-" of- the 
wavelength, setting, ...... 

Further, the materials utilised often require that an 
epoxy resin : or the like is -used to affix .the fibre to the 
package. This can induce the -problem of creep wherein, 

30 over time, the characteristics . of the " wave guide change due' 
to creep .of -the adhesive material "relative"- to*, the package 
or to the fibre. Unfortunately., epoxy can 7beS undesirably 
humidity sensitive, -,The unavoidable use* of- an epoxy' is 
often required to be . utilised ...due . to the necessity to 

35 maintain compatibility of. materials, r ^ . • •/ -•' ; 
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Summary of the Invention " : • - • 

It is an object of the . present ' invent ion to provide an 
improved temperature stable' optical fibre 1 package . 

In accordance . with a first' aspect of 'the present 
invention, there is; provided a method 6-f accurately ' setting 
the centre wavelength of a fibre grating fixed in a * 
temperature compensation package, the "method comprising the 
steps of fixing the . grating 'to the package and altering the 
size of the package in a post processing -step/ 

The altering step' can comprise elongating" tir 
compressing the package so as "to "substaht fall y pefmanently ' 
alter the s.ize of the package-. * *• '•■ 

The temperature compensation package can- comprise a* 1 
first member having a • first, coefficient d'f 'th^rma^l ' ' 
expansion; two second members; one* each attached* to *th'e 1 
ends of the. first member and' 'having' their other second en'ds 1 
closer together then rthe ends ;of the- "first Member -, : the '" ? " ~ 
second members haying ; a s.econd. .coefficient ^of thermal ' s " 
expansion- Relatively Jnore then- the --first' coefficient bf ' J ' 
thermal expansions and:, .two material matching members ' ! J " 
attached to the second'. 'ends and adapted to*" provide f : or 
material- matching- filing, mixtures t6 -th"e~ second - membe'rs; * " 
said fixing mixtures fixing- ends of- "the-" fibre g'rating to 
the temperature, compensation package, 

Th ; e fixing mixture can comprise glass or metal - solder . 

The material matching members are preferably located * 
within an aperture in -the second. ends. 

In accordance with a further aspect of the present' : 
invention, there is provided . a temperature stable grating 
package -haying an . accurately fixable' centre frequency, the 
package including: - f ixing.jneans for fixing" a ! grating fibre 
to the package; temperature compensation means for 
compensating, for any fluctuations in '. temperature of the 
package; and package, length .'alteration means for altering * 
the length of the package so. :as to ^accurately and 
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substantially fix the centre 1 fr.equ.en6y- of this- grating. - 
The temperature, compensation 1 means can comprise: a 
first member. haying a first coefficient of thermal 
expansion; two ^second members,- one each attached to the 
5 ends of the first, member and having their other second ends 
closer together: then the ends of "the first member, the 
second members having a second coefficient of thermal 
expansion , relatively less then the first coefficient of 
thermal expansion; and two material matching : ' members 

10 attached tp.ther second ends ' and adapted to provide for 

material matching fixingt. mixtures- to- : the 'second members; 
and the fixing means .fixingf ends of.: the "fibre" grating to 
the temperature -compensation package . 

The f ixing means ^comprise" glass oi metal solder and 

15 the material ..matching members can be' located "within an 
aperture r i : n the second ends . ' " 

In accordariCej with' a 1 further aspect of trie present ~ 
invention, .there ~is :. provided a temperature -stable grating 
package including: ^ .fixing '^rneans fdr fixing a grating fibre 

20 to the packa.ger;; itemperatuire compensation means for 

compensating for any fluctuations in 'temperature of' the 
package; wherein -the temperature compensation ; means can 
comprise: a ; first; member having a first coefficient of 
thermal expansion; two second .member's, one each attached to 

25 the ends of " the first. ^member and having their other second 
ends closer together -then the ends of the first member, the 
second members having: a second Coefficient of "thermal 
expansion relatively less, then the first coefficient of 
thermal expansion; .: and two material matching members 

30 attached to the . second . ends and adapted to provide for 

material matching fixing mixtures to the second members; 
and the fixing. means fixing ends of the fibre grating to 
the temperature compensation package'. 

The fixing .means can comprise glass or metal solder. 
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Brief De scription . of the Drawings • .j - 

Notwithstanding any : other forms, which may if all within 
the scope of the present invention, preferred' forms' of the 
invention will, now be, described, by-way of example only, 
5 with reference to the. accompanying drawings in' which: 
Fig,. 1 illustrates a simple .grating package" as" 
utilised in the prior art; . , ■ 

Fig.. 2. illustrates a temperature compensation package 
as known in the prior art; and ; ■ ■ : ,\ • \ r ■ 
!0 Fig. 3(a) and Fig. 3 (b) illustrate schematically the ' 

structure of the preferred embodiment:. ; - t ,s.- 
Description of the Prefe rred and Other ■ Embodiments . - 
In accordance with the preferred embodiment 'of the ' 
present invention. there. is. provided, an apparatus for 
providing a tunable Bragg grating with-, the: apparatus' • - 
separating the problem of setting the centre wavelength ' 
fr ° m that - of - fi xing or mounting .the. fibre to^the- package 
This is achieved, by.first ..fixing the.fibre to * he' package' - 
and then applying a , post ; fixing "tune^ so as , to -tune the " ■ ■ 
wavelength of , the .grating ,in : accordance with requirements. 

Further, .through .the utilisation of an- intermediate -' 
material, which has a .coefficient; of. thermal expansion . 
similar to the. glass fibre and a. supporting platform and -is 
also compatible . for the use of -glass-or metal? solder the > 
problem of the difficulty in utilising epoxy or polymer 
adhesives, especially, in their sensitivity to humidity, is - 

alleviated and an improved: package results.. - - 

Turning now. to Fig. 3 <a) and Fig: . 3 (b) ,. there- is ■ " ' 
illustrated one form of ; the preferred embodiment with 

Fig. 3 (a) showing, a side sectional, view and. .Fig. 3.(b) • 
showing a top sectional view. .The preferred embodiment 20 - 
is designed to maintain a previously written grating 21 on 
a fibre 22 in a highly stable environment ..such that the - 
grating frequency can be .. readily .set . , The. package 20 ■". 
includes two end portions 23, 24 made of a first material 



20 
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such as stainless* steel, having a: high coefficient of 
thermal expansion, A second cylindrical member 25 is 
provided and-, importantly, includes, a' thinned section 26 
which is- provided for post tuning of -the wavelength. * 
5 E.ach o^ the j members 23, -24 include • a cylindrical hole 

in which is mounted a Kovar platform e.g. 27, 28. The" 
Kovar platform, -can : .be slotted into a 'hole formed in the 
corresponding member 23, : 24. The Kovar platform e.g. 27, 
28 provides for- : a material ..matching capability between the 

10 Kovar . platf orm^d-a -solder... material 29, 30 which is 

utilised to G af fix ,. the fibre 22 to the package. In this 
way,, .the necessity to ..utilise '-a- polymer adhesive can- be 
dispensed with .-providing, for longer term stability". 

Of cqu r rs£, ; many r;dif f erent. :materials can be utilised 

15 for the .platf arm. 21 , 28... : For example, -Kov^r or invar may 
be utilised,, ^ircpnia -ceramic and some other silica ■ ' "" 
materials couid be utilised'. - Ideally, ■ each -iiVember e.g. 26, 
23, 24 : .and J 27 and .2 8 are laser, welded'* tog-ether "where laser 
welding is^ suitable .: e ' " r - ". ? ; ' 

20 The arrangement : 20 thereby provides for 'the " 

utilisation of a glass or metal r solder- (frit) and * v 
eliminates the need to utilise any polymer adhesive thereby 
reducing the effects of long term creep and providing for 
higher long term stability. 

25 The first step of the preferred embodiment therefore 

comprises manufacturing the package arrangement and fixing 
the fibre 22 in place. The wavelength setting at this 
stage is not critical but is preferably lower than that 
desired in the final device. 

30 After the fibre has been fixed and any post fixing 

shrinking has occurred, the package 20 can be expanded or 
compressed in an axial direction. The stretching can be 
achieved by a controlled force around a thinned portion 26 
so as to permanently elongate the package. Alternatively, 

35 compression can be utilised to compress the size of the 
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package. Preferably, the packages- constructed from* such 
materials as steel,, kovar or invar which can be plastically 
deformed. . The deformation achieves a permanent chang'e in 
length which in turn alters the strain* on the "optical fibre 
5 Bragg grating- in middle area 21 thereby j varying the centre 
wavelength. , ■ ---i 

It has been found in practice that the range of ' r - 
increase in length required to provide a full* range of " 
tuning for most applications is typically less than " 5pm V : 

10 The post tuning, operation is .preferably^ carried " out at the 

temperature of operation of the device thereby 7 providirig ' a ~ 
resulting package which provides an -accurate "wavelength at 
a given temperature irrespective of the • residual* '* 
characteristic -of the device across -a' temperature range . 

15 It would be appreciated;, toy a<. person skilled'in- the art'" 

that numerous variations and/or modif ications 5 may Be made 
to the present ..invention as shown in the specific' ' r - - " : * * K 
embodiment without departing from the spirit 'or icope* of ~ 
the invention as broadly described. The present --embodiment 

20 is, therefore, to be- considered dn . all respects n to : be k! 
illustrative , and not* restrictive. ■ 1 



r . f - 
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We Claim : 

1. A method of accurately setting the centre " 
wavelength of a fibre grating fixed in a temperature 
compensation package, said method comprising the steps of: 

5 fixing said grating 2to said package; and 

altering, the size of said package- in a post processing 
Step. -:t - - : - 

2. A method, as claimed in claim 1 wherein said 
altering step : comprises elongating or "compressing said 

10 package. " 

. 3. A, method, as claimed in any previous claim wherein 
said altering step substantially permanently alters the 
size of said package^ * • 

4. Ar method; as, claimed -in claim 1 wherein said 
15 temperature compensation- package comprises: : * ' : " 

a first member having • a» first ^coefficient*' of theritial 
expansion;- . . — . Oi. •' '■■ ■ *" ■"■ "-' •' " J 

two second -members, : one each attached to the* endis of 
said : .f,irst member and -'having r their "other second ends closer 
20 together then the ends of said first -member, said 0 second 
members having a second coefficient of thermal expansion 
relatively more then said first- coefficient of thermal 
expansion; and - - ' : " - ? 5 " ~' ? 

two material matching members attached to' ^aid' second 
25 ends and adapted to -provide for material -matching fixing 
mixtures to -said _ second elongated members; v 

said fixing mixtures fixing ends "of said fibre grating 
to said temperature compensation package: 

5. A method. as claimed in -claim 4 whereih said 
30 fixing mixture, comprises glass or meifcal solder. 

6. A method as claimed in claim 4 or claim 5 wherein 
said material matching" members are located within an 
aperture in said second ends. • 

7. A temperature stable grating package having an 
35 accurately fixable centre frequency, said package' 
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including: 

fixing means for fixing a grating fibre '-to said 
package; . r ? 

temperature compensation means for. compensating -for- 
any fluctuations in temperature , of said- package; arid 

package length alteration means for altering the ■' - 
length of said package so as to accurately and 
substantially fix the centre frequency of : said -grating . ' 

8. A package as claimed in -claim 7 wherein- Vaid ' ' 1 
temperature compensation means comprises: ■ ■ ^ 

, a first elongated, member having -a. first Coefficient of 
thermal expansion; . .. ., • • . ; - . ■ . -. . . ; r . 

two second elongated members, one each attached to "the 
ends of said first elongated. member . and. having- their other 
15 second ends closer together -then - the-- ends., of - said first' ' 
elongated member, said second elongated, members -Having "a 
second coefficient of thermal expansion relatively less - ; ; J 
then said first cqeffici.ent.-of thermal .expansion;- cand 

...two material matching members pattadhed -to -said second 
ends and adapted to .provide . for material^matchi'ng^f ixirig 
mixtures to said second elongated members; .and • 

said fixing means fixing.-ends of «■ said fibre •grating to" • ■ 
said temperature compensation package. - 
.9. ; . A method as claimed in .claim 8 wherein said 
25 fixing means comprises glass -or metal solder. ••• : '•■ 

10. a method as, claimed. ,in. claim 8 or-claim 9 wherein-" 
said material matching members are located within an • 
aperture in said second ends ._ . •;. ; 

11- A temperature stable. grating package including:- 
fixing means for fixing a- .grating .fibre -to said 
package; . .......... * 

temperature compensation means -for compensating • for ' r 
any fluctuations in temperature of said package; wherein ' 
said temperature compensation means comprises: 

a first elongated member having. a first coefficient of : " 
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thermal expansion; 

two second elongated members, one each attached to the 
ends of said first elongated member and having their other 
second ends closer together then the ends of said first 
elongated member, said second elongated members having a 
second coef f icient , of thermal expansion relatively less 
then said first coefficient of thermal expansion; and- 

two material matching members attached to said 'second 
. ends and. adapted to- provide for material matching fixing 
mixtures" 7 ' to said second elongated members; and 

said fixing means fixing ends of said fibre grating to 
said temperature compensation package. 

12. A method as "claimed in claim 11 wherein said 
fixing means comprises 'glass or metal 'solder . 
15 13. A method, as claimed in claim 11 or claim 12 

wherein said material matching members are located within 
an aperture in said second ends. j 

y 1 - i 
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Box 1 Observations where certain claims were found unsearchable (Continuation of item 1 of first sheet) 



This International Search Report has not been established in respect of certain claims under Article 17(2)(a) for the following 
reasons: - - -.. 



□ 



Claims Nos.: 

because they relate to subject matter not required to be searched by this Authority, namely: 



□ 



Claims Nos.: 

because they relate to pans of the international application that do not comply with the prescribed requirements 
to such an extent that no meaningful international search can be carried out, specifically: 



3. Q Claims Nos.: 



because they are dependent claims and are not dratted in accordance with the second and third sentences of Rule 
6.4(a) 



Box II Observations where unity of invention is lacking (Continuation of item 2 of first sheet) 



This International Searching Authority found multiple inventions in this international application, as follows: 
See Supplemental Box. 



| | As all required additional search tees were timely paid by the applicant, this international search report covers 
all searchable claims ; 

[x | As all searchable claims could be searched without effort justifying an additional fee. this Authority did not 
invite payment of any additional fee. 

| 1 As only some of the required additional search fees were timely paid by the applicant, this international search 
report covers only those claims lor which lees were paid, specifically claims Nos.: 



4. I I No required additional search fees were timely paid by the applicant. Consequently, this international search 

report is restricted to the invention first mentioned in the claims; it is covered by claims Nos.: 



Remark on Protest j j The additional search fees were accompanied by the applicant's protest. 

j " | No protest accompaniedThe payment of additional search fees. 
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Box II 



The international jappiication does not,cpmply with the requirements of unity of invention because it does not relate to one ■ 
invention or to a group of inventions so linked as to form a single general inventive concept. In coming to this conclusion 
the International Searching Authority has found that there are different inventions as follows: 

■1. -Claims 1-3 and 7 relate to a method or means for altering or setting the centre wave length of a fibre grating 
mounted in a temperature compensated package by altering the size of the package. 

-2. Claims 1 1-13 are directed to the temperature compensated package per se. ' 

The features identified above are considered to comprise distinct first and second "special technical features". Since the 
abovementioned groups of claims do not share any of the technical features identified, a "technical relationship" between 
the inventions; as defined in PCT rule 1 3-2 does not exist. Accordingly the international application does not relate to one 
invention of to a single inventive concept, a priori. - 

Claims 4-6 and 8-10 are considered to include both "special technical features". - - 
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This Annex lists the known "A" publication level patent family members relating to the patent documents cited 
in the above-mentioned international search report. The Australian Patent Office is in no way liable/or these : 
particulars which are merely given for the purpose of information. " , 
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